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Abstract 
An aim of work is research and ground of major criteria of estimation of individual tеhnikо-phizicheskоya preparedness of jumpers in 
length of junior and senior youth age. 
Material and methods. In researches took part 24 young athletes-jumpers in length, that in 2016/2017 training participated in the 
competitions of championship of the Kharkov area on track-and-field among youths of middle and senior age. Registration of 
biomechanics descriptions of technique of broad jumps was conducted by means of the speed videosurvey treated in the computer 
program of videoanalysis of «Kinovea», and also indexes of the электронно-оптической system, «Start-finish» and «Optical path». 
Research motion. The individual features of young sportsmen are analysed in relation to diagnostics of 13-и of the most meaningful 
kinematics descriptions of technique of broad jumps and results of their competition activity. The statistical analysis of degree of 
influence of different parameters of motions is conducted on their sporting result.  
Results. The models of multiple linear regression are made between the sporting results of young sportsmen 14-17 and by the 
kinematics parameters of individual technique of jumpers. For the estimation of statistical authenticity of model the coefficient of 
determination (R2) is used. The estimation of statistical meaningfulness of model coefficients showed that two from eleven coefficients 
can be considered different from a zero (meaningful). It is coefficients at factors «corner of flight of GCMB» and «pathlength of passing 
of GCMB in the moment of pushing» away.  
Conclusions. Models, rendering larger influences, are distinguished on a sporting result. Attempt of mathematical ground of criterion 
of rational organization of motions (СROM) of jumper is executed in length in the process of pushing away was made. The estimation 
of efficiency of СROM of jumper for certain is confirmed long ways of moving of GCMB of sportsman in the process of pushing away.  
Key words: diagnostics; kinematics descriptions; individual indexes; criteria of efficiency; rational organization of motions.  
 
Анотація 
Горлов А. С., Гардер С. Є., Горлов О. А., Блещунова К. М.  Вплив кінематичних параметрів індивідуальної техніки рухів у юнаків - 
стрибунів в довжину на спортивний результат 
Мета роботи - дослідження і обгрунтування найважливіших критеріїв оцінки індивідуальної технико-фізичної підготовленості 
стрибунів в довжину молодшого і старшого юнацького віку.  
Матеріал і методи. У дослідженнях брали участь 24 юних легкоатлетів-стрибунів в довжину, які в 2016/2017 тренувальному році 
брали участь в змаганнях чемпіонату Харківської області по легкій атлетиці серед юнаків середнього і старшого віку. Реєстрація 
біомеханічних характеристик техніки стрибків в довжину проводилася за допомогою швидкісної відеозйомки, обробленої в 
комп'ютерній програмі відеоаналізу «Kinovea», а також показників електронно-оптичної системи «Старт-фініш» і «Оптична 
доріжка». Хід дослідження. Проаналізовані індивідуальні особливості юних спортсменів відносно діагностики 13-и найбільш 
значимих кінематичних характеристик техніки стрибків в довжину і результатів їх діяльності змагання. Проведений статистичний 
аналіз міри впливу різних параметрів рухів на їх спортивний результат.  
Результати. Складені моделі множинної лінійної регресії між спортивними результатами юних спортсменів 14-17 років і 
кінематичними параметрами індивідуальної техніки стрибунів. Для оцінки статистичної достовірності моделі використаний 
коефіцієнт детерміації (R2). Оцінка статистичної значущості коефіцієнтів моделі показала, що два з одинадцяти коефіцієнтів 
можуть вважатися відмінними від нуля (значимі). Це коефіцієнти при чинниках «кут вильоту загального центра мас тіла»  і 
«довжина шляху проходження загального центра мас тіла у момент відштовхування».  
Висновки. Виділені моделі, які оказують найбільший вплив, на спортивний результат. Виконана спроба математичного 
обгрунтування критерію раціональної організації рухів стрибуна в довжину в процесі відштовхування. Оцінка ефективності 
критерію раціональної організації рухів стрибуна достовірно підтверджується довжиною шляху переміщення загального центра 
мас тіла спортсмена в процесі відштовхування.  
Ключові слова: діагностика, кінематичні характеристики, індивідуальні показники, критерії ефективності; раціональна 
організація рухів. 
 
Аннотация 
Горлов А. С., Гардер С. Е., Горлов О. А., Блещунова Е. Н.  Влияние кинематических параметров индивидуальной техники 
движений у юношей-прыгунов в длину на спортивный результат 
Цель работы – исследование и обоснование важнейших критериев оценки индивидуальной технико-физической 
подготовленности прыгунов в длину младшего и старшего юношеского возраста.  
Материал и методы. В исследованиях принимали участие 24 юных легкоатлетов-прыгунов в длину, которые в 2016/2017 
тренировочном году участвовали в соревнованиях чемпионата Харьковской области по легкой атлетике среди юношей 
среднего и старшего возраста. Регистрация биомеханических характеристик техники прыжков в длину проводилась с помощью 
скоростной видеосъемки, обработанной в компьютерной программе видеоанализа “Kinovea”, а также показателей 
электронно-оптической системы «Старт-финиш» и «Оптическая дорожка». Проведен статистический анализ степени влияния 
различных параметров движений на их спортивный результат.  
Результаты. Составлены модели множественной линейной регрессии между спортивными результатами юных спортсменов 
14-17 лет и кинематическими параметрами индивидуальной техники прыгунов. Для оценки статистической достоверности 
модели использован коэффициент детерминации (R2). Оценка статистической значимости коэффициентов модели показала, 
что два из одиннадцати коэффициентов могут считаться отличными от нуля (значимы). Это коэффициенты при факторах «угол 
вылета общего центра масс тела»  и «длина пути прохождения общего центра масс тела в момент отталкивания».  
Выводы. Выделены модели, оказывающие найбольшее влияния на спортивный результат. Выполнена попытка 
математического обоснования критерия рациональной организации движений прыгуна в длину в процессе отталкивания. 
Оценка эффективности критерия рациональной организации движений прыгуна достоверно подтверждается длиной пути 
перемещения общего центра масс тела спортсмена в процессе отталкивания.  
Ключевые слова: диагностика, кинематические характеристики, индивидуальные показатели; критерии эффективности; 
рациональная организация движений. 
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Introduction 
 
Currently, some traditional principles and 
forms of constructing long jumpers training in 
domestic athletics are losing their progressive value 
and do not always meet the requirements and 
objectives of modern training [1-3]. It became 
apparent that the growth of athletic performance of 
athletes who specialize in horizontal jumping can 
progress when using training means with a strictly 
defined intensity that is adequate to the tasks and 
tasks that are being solved on the way to achieving 
the planned result [4-6]. 
The positive dynamics of world records until 
1991 in men's long jump, when the result of M. 
Powell (USA) of 8.95 m was recorded, stopped and 
has not improved for more than 27 years. The 30-year 
record of Ukraine, set in 1988 (8.35 m) by V. 
Laevsky, remains even longer. I must say that the 
leading “top three” of the world achievements of 17-
year-old young jumpers are the records of Michael 
Meisso (Cuba) - 8.28 m, Luis Alberto Bino (Cuba) - 
8.2.25 m and Siomi Chang (China) - 8, 17 m [7-10]. 
It should be assumed that a further increase in athletic 
performance is associated with solving the problem 
of forming an effective and rational structure of the 
individual technical preparedness of young athletes, 
jumpers. This can be successfully achieved only 
through the widespread use of the theoretical 
foundations of physics, mechanics, as well as the 
developed innovative diagnostic tools and methods 
and pedagogical control in the technical preparedness 
of young athletes at various stages of long-term 
improvement [11-14]. 
It should be noted that in sports of the highest 
achievements, the resource of increasing the range of 
jumps due to an increase in the take-off speed has 
practically been exhausted [15-18]. Consequently, 
further progress in this sport should be associated 
with the improvement of the technique for athletes to 
perform at the increased speed the final part of the 
take-off and repulsion, as well as partially flight and 
landing. The repulsion process when performing 
long jumps is most fully and diversely covered in the 
specialized literature [19–20]. In studying this phase, 
researchers use both qualitative and quantitative 
analysis. Thus, by conducting a qualitative analysis 
of repulsion in long jumps, the author [8] concludes 
that the strength of a jump depends on the elasticity 
inherent in the muscles and that stimulation of reflex 
stretching of a muscle increases the force of 
contraction, that is, the strength of the jump. The 
optimal values of the departure angles in long jumps 
of young and qualified athletes are in the range 16  
- 25  [9]. It should be noted that most experts 
consider the value of the initial departure speed of the 
jumper's center of mass to be much more significant 
than the departure angle. 
However, there is another point of view [11]. 
The author believes that a high final take-off speed 
does not always lead to high results in long jumps. 
The optimal ratio of horizontal and vertical velocities 
of the vector of the initial departure speed in a good 
jump according to its data should be 2: 1, and the 
speed loss in the support phase is 4.9% –13.3%. 
Permissible speed loss in the repulsion phase should 
be in the range of 7–12% [20]. 
Each athlete is characterized by a strictly 
defined dynamics of efforts, expressed in an 
individual drawing of the hodograph of efforts. 
According to them, the best results for jumpers 
correspond to large amounts of vertical effort during 
repulsion. In studies on the dynamographic 
parameters of the repulsion phase, it was noted that 
the assessment of the duration of the support 
interaction can serve as a criterion of technical skill 
[15]. The author identified four time intervals that 
characterize the process of support interaction: 
accumulation, depreciation, activation and 
implementation. Their magnitude and the nature of 
the change determine the level of effectiveness of the 
support interaction technique [16]. 
Such a result of theoretical research gives us 
reason to argue that the long-term evolution of 
achieving high sports results in long jump should be 
carried out systematically, not only due to the 
physical fitness of athletes i.e. improving the 
criterion of the optimal maximum speed of run-up 
before repulsion, but also the rational improvement 
of their technical and physical skills in the framework 
of sports adaptology, starting with early youthful 
training [19]. 
It is possible that a similar emphasis of 
diagnostics within the framework of sports 
adaptalogy will become decisive in achieving not 
even record results, but, undoubtedly, a more 
massive increase in worthy sporting indicators 
among qualified athletes-jumpers in length. In this 
regard, we can assume that the individual differences 
in the preparedness of the world champion in long 
jump M. Powell and the 4-time Olympic champion 
in this sport as well as the 2-time world champion in 
the sprint race at a distance of 100 m K. Lewis, 
decided the outcome of the competitive struggle of 
these two American athletes at the 1991 World 
Athletics Championships in favor of M. Powell (8.95 
m). Moreover, the speed before repulsion by world 
record holder M. Powell was lower (10.86 m / s) than 
by K. Lewis (11.25 m / s) which showed a result of 
8.91 m [3, 14]. There is a need for additional 
rethinking the effectiveness of technical and physical 
skill of jumpers, taking into account the focus on not 
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one, but several accurate biomechanical criteria that 
determine this effectiveness. 
Therefore, the search and selection of the 
most appropriate movements for young long jumpers 
in sports pedagogy is, from the point of view of 
biomechanics, relevant for the consistent formation 
of their future progressive common motor system. 
Unfortunately, in the practice of sports training, the 
formation of technical and physical skills of both 
young and qualified long jumpers is often carried out 
without taking into account the individual 
characteristics of the biomechanical structure of 
motor actions. Often the question arises - "Who 
should be preferred from two athletes who showed 
the same competition results and equal speed before 
pushing away?" management of long-term training 
of young and qualified athletes [6, 11]. The lack of a 
convincing justification of such optimization in the 
scientific and methodological literature has 
contributed to the conduct of these studies in young 
jumpers in length at the long-term stages of 
preliminary and specialized basic training. 
The purpose: research and 
substantiation of the most important criteria for 
assessing the individual technical and physical 
fitness of jumpers in length of younger and 
older adolescents. 
 
Material and methods 
 
Participants 
 
The study involved 24 young athletes-
long jumpers in the Kharkiv region, who in the 
2016/2017 training year participated in the 
competitions of the Kharkov region athletics 
championship among middle-aged and older 
boys. The biomechanical characteristics of  the 
long jump technique were recorded using high-
speed video recording (the FinePix HS20EXR 
camera), processed in the Kinovea video 
analysis computer program, and the Start-Finish 
and Optical Track electron-optical system 
parameters [5]. 
 
Experiment protocol 
 
At the first stage of the work, a 
comparative analysis of biomechanical studies 
of the technique of performing long jumps from 
the run for the finalists of the Kharkov region 
championship of the younger and older age 
groups was performed. In order to study the 
effectiveness of the take-off and push-off 
technique for young jumpers 14–15 and 16–17 
years old, a number of the following kinematic 
measurements were performed: the number of 
steps (n) and the total take-off length (m), 
length (m) and time (s ) of the last 6 running 
steps, time (s) of two 5-meter distance segments 
and the length of the last 3 running steps before 
repulsion. As a result of the analysis of diaries 
and self-control cards for young jumpers, the 
following control and test indicators of TFP 
were recorded: the travel time of 10 m from the 
course, as well as 30 and 100 m from the high 
start position (s). In addition, growth (cm) and 
weight data (kg) of anthropometry of young 
jumpers were recorded. An additional 
biomechanical analysis of repulsion and flight 
was studied using methods for studying the 
kinematic parameters of an athlete’s 
movements - digital high-speed video 
equipment (Fine-Pix HS20EXR), electron-
optical system “Start-finish”, as well as 
computer programs “Kinovea” and vector 
graphics “Corel- DRAW ”(Fig. 1).
        
 
Fig. 1. A fragment of youth competitions (Kharkov, Dynamo stadium)  
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 Using computer processing of film-photo 
materials of the competitive activity of young 
athletes and elementary mathematical calculations, 
the following indicators were obtained: average take-
off speed, maximum speed 10 m before repulsion, 
maximum speed 10 m per move, maximum speed 6 
steps before repulsion , the average speed of the 
control distance is 100 m, the take-off pace, the take-
off speed realization coefficient, the angle of the legs 
for repulsion and the angle of repulsion, the 
depreciation angle, the angles between the thighs 
When setting the foot for repulsion and repulsion, the 
departure angle, the initial departure speed, the 
vertical and horizontal components of the initial 
departure speed, the maximum height of the center of 
mass in flight, the coefficient of technical and 
physical efficiency, growth and weight index (Table 
1). 
Table 1 
Group mean values of the anthropometric and kinematic characteristics of the long jump technique in young 
men of younger and older age (n = 24) 
№ 
 
Biomechanical indicators 
Value,    х ± Ϭ 
Boys 14-15 years 
old 
Boys 16-17 years 
old 
1 Body length, cm 169,9±7,05 171,2±8,1 
2 Body weight kg 63,55±2,49 69,6±3,08 
3 Growth-weight index, cu 2,68±0,19 2,45±0,17 
4 Sports result, m 5,43±0,27 6,55±0,43 
5 Take-off length, m 36,07±1,09 35,43±1,02 
6 The number of running steps in the run 18,2±0,88 18,5±0,86 
7 Take-off time, s 4,41±0,24 4,53±0,27 
8 The time of the second 5 m before repulsion, s 0,603±0,007 0,589±0,008 
9 The time of the first 5 meters before repulsion, s 0,605±0,007 0,578±0,006 
10 Running time 10 m per stroke, s 1,07±0,02 1,03±0,04 
11 Running time 30 m s / s, s 4,22±0,26 3,84±0,19 
12 Reference running time 100 m, s 12,23±0,80 11,78±0,75 
13 The length of 6 b / steps before repulsion, m 11,72±0,72 12,76±0,77 
14 The time of 6 b / steps before repulsion, s 1,42±0,04 1,52±0,05 
15 The length of the 3rd b / step before repulsion, 7,5±0,35 7,6±0,38 
16 count Stop 7,5±0,37 8,5±0,46 
17 The length of the 2nd b / step before repulsion, 8,5±0,41 7,6±0,39 
18 count Stop 7,09±0,38  7,81±0,41 
19 The length of the 1st b / step before repulsion, 8,27±0,46 8,56±0,48 
20 count Stop 9,34±0,54 9,70±0,53 
21 Average take-off speed, m / s 8,25±0,45 8,39±0,47 
22 Maximum speed 10 m before repulsion, m / s 8,17±0,44 8,49±0,45 
23 Maximum speed 10 m descent, m / s 4,12±0,21 4,32±0,23 
24 The maximum speed of 6 b / steps before repulsion, m/s 0,87±0,009 0,891*±0,008 
25 The angle of the feet on repulsion, deg. 63,8±2,97 64,2±3,02 
26 Depreciation angle, deg. 136,5±6,10 140,5±6,27 
27 Repulsion angle, deg. 68,5±3,10 67,7±3,06 
28 The angle between the thighs of the legs when setting the 
legs for repulsion, deg. 
33,7±2,02 39,7±2,15 
29 The angle between the thighs of the legs during repulsion, 
deg. 
96,5±6,57 106,7±7,85 
30 Departure angle, deg. 15,2±0,59 17,5±0,79 
31 Initial departure speed, m / s 7,82±0,56 8,42±0,45 
32 Vertical departure speed, m / s 2,86±0,21 3,18±0,27 
33 Horizontal departure speed, m / s 7,24±0,35 7,80±0,38 
34 Maximum height of the CM in flight, cm 21,2±0,66 33,4±1,89 
35 The coefficient of technical and physical effectiveness 
(CTFM), cu 
0,65±0,011 0,77±0,018 
Note: * - at a speed of 8.65 m / s on the first 5 m before repulsion  
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Based on the results of studies [13] 
regarding the jump training of young athletes at 
the stages of initial and in-depth specialization 
and especially on his assertion that for most 
biomechanical indicators, athletes of different 
age groups have no significant differences in 
the repulsion phase, we are at the second stage 
of our further studies we combine two age 
groups of 12 people in each into one (n = 24).  
To carry out mathematical and statistical 
analysis with a view to solving the problem of 
the degree of influence of the kinematic 
parameters of the individual technique of 
movements of young jumpers in length on a 
sports result, the following experimental initial 
data were finalized and used: mass of the 
jumper (kg), angle of the leg for repulsion 
(degrees. ), the depreciation angle of the push 
leg in the repulsion phase (degrees), the 
repulsion angle (degrees), the horizontal 
projection (Oh) of the displacement of the 
athlete’s common center of mass at the moment 
of repulsion completion (m), the angle center of 
mass (degrees), initial departure speed (m / s), 
initial height of departure of the center of mass 
(m), time spent by the jumper in the flight phase 
(s), maximum height of departure of the total 
center of mass of the body of the jumper in 
flight (m), the total length of the path of the 
common center of mass of the body in the 
repulsion phase (cm), the coefficient of 
technical and physical skill, cu and the length 
of the jump according to the protocol of the 
competition (m) (table. 2). 
                                                                             
   
 
Table 2 
Experimental initial data of young jumpers in the length of 14-17 years (n = 24) 
№
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1 66 67,5 137 70,5 1,10 21,0 0,80 0,40 8,60 0,40 93,0 0,78 6,97 
2 71 65,6 157 68,6 1,10 20,0 0,80  0,60 8,60 0,40 108 0,79 7,19 
3 68 59,8 140 63,9 0,90 14,0 0,60 0,00 8,00 0,20 95,0 0,74 5,98 
4 66 61,9 146 67,7 1,10 21,0 0,80 0,50 8,50 0,50 100 0,78 7,08 
5 70 59,3 144 64,5 1,10 19,0 0,80 0,60 8,70 0,40 105 0,79 6,79 
6 70 63,8 120 66,3 1,20 16,0 0,70 0,60 8,20 0,30 88,1 0,76 6,27 
7 72 63,8 140 70,8 1,30 18,0 0,70 0,50 8,50 0,30 91,0 0,75 6,75 
8 69 65,6 141 67,9 1,20 16,0 0,70 0,50 8,30 0,70 93,0 0,74 6,17 
9 73 66,9 138 69,0 1,20 15,0 0,70 0,40 8,10 0,20 96,1 0,72 5,94 
10 71 64,7 142 67,4 1,15 15,0 0,70 0,50 8,55 0,25 85,5 0,71 6,26 
11  73 67,5 157 70,8 1,28  21,0 0,84 0,60 8,75 0,48 108 0,79 7,19 
12 66  59,3 120 63,9 0,95 14,0 0,63 0,45 8,05 0,19 85,5 0,70 5,94 
13 64 63,7 146 66,8 1,00 14,2 0,67 0,40 7,50 0,31 94,0 0,60 5,00 
14 61 64,8 129 70,9 0,75 15,5 0,64 0,10 7,65 0,15 86,4 0,57 4,79 
15 62 65,6 125 71,6 1,07 17,8 0,77 0,40 8,15 0,21 78,0 0,73 6,12 
16 69 64,4 135 69,7 1,02 15,0 0,70 0,60 7,75 0,17 89,6 0,70 5,81 
17 59 60,9 147 63,7 0,93 13,9 0,65 0,30 7,70 0,20 85,0 0,58 4,84 
18 62 65,3 131 68,4 0,95 15,7 0,70 0,67 8,10 0,24 87,2 0,69 5,91 
19 70 62,7 143 66,5 1,10 14,6 0,68 0,65 7,90 0,20 79,8 0,68 5,76 
20 64 59,8 138 65.9 1,07 12,8 0,60 0,31 7,80 0,15 81,4 0,55 4,68 
21 64 66,0 140 71,3 0,91 17,5 0,74 0,50 8,10 0,30 90,0 0,55 5,93 
22 60 64,4 129 70,2 1,05 14,7 0,70 0,42 7,55 0,19 83,7 0,64 5,52 
23 70 66,0 147 71,6 1,10 17,8 0,77 0,67 8,15 0,31 94,0 0,73 6,12 
24 59 59,8 126 63,7 0,75 12,8 0,60 0,10 7,55 0,15 78,0 0,55 4,68 
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 Results 
 
As a result of a comparative biomechanical 
analysis of the kinematic parameters of the long jump 
technique for boys aged 14-15 and 16-17 years old 
(see Table 1), it was found that in the take-off phase 
for younger jumpers, the take-off length is too high, 
and for older boys it is underestimated: this does not 
allow young athletes of both age groups to achieve 
the optimal maximum speed in repulsion. This 
shortcoming is also indicated by the group average 
running of 30 m with a high start in both age groups. 
For jumpers of 14-15 years old with a running speed 
of 30 m from a high start (x = 4.22 ± 0.26 s), the 
optimal take-off length should not consist of x = 18.2 
± 0.88 b / steps, but within 16 For jumpers 16-17 
years old, with a running speed of 30 m (x = 3.84 ± 
0.19 s) - not out of x = 18.5 ± 0.86 b / steps, but within 
20 running steps. This lack of run-up efficiency is 
also enhanced by the fact that young jumpers of 14-
15 years of age show rhythm disturbances in the last 
three steps due to an increase in the length of the last 
step by one foot from the previous one, while in the 
ideal biomechanical position, the size of the last step 
should be less than the penultimate by about 0.75 
feet. The speed of the athletes in this case, in the area 
of the first 5 meters before them, partially decreases 
and is (x1 = 8.26 m / s) compared to the speed of the 
second 5-meter section (x2 = 8.29 m / s) . When 
comparing the speeds of the last 6 / b running steps 
and 10 m before repulsion, it was found that for 
jumpers of 14-15 years old the speed in these areas is 
almost the same (x = 8.25 ± 0.45 m / s and y = 8.27 
± 0.46 m / s). For older boys, the speed in these two 
5-meter sections has the opposite tendency from the 
younger boys - an increase in speed in the last 5 
meters compared to the previous 5-meter section (x1 
= 8.65 m / s and x2 = 8, 48 m / s). An increase in the 
velocity gradient among 16-17-year-old jumpers 
compared with the younger age group is confirmed 
by the calculations of 6 running steps and 10 m 
before repulsion x = 8.39 ± 0.47 m / s and y = 8.56 m 
/ s respectively. However, older boys have a rhythm 
disturbance in the last three steps of the run due to a 
significant increase in the penultimate step when the 
jumpers pass through the fly leg (the length of the 
second step out of three is x = 8.5 ± 0.46 feet). As 
you know, evidence of an optimal rhythmic take-off 
speed at the last steps is the rational rhythm of its 3 
steps, the length of which is between 7.75 - 8.25 feet. 
A reduction of up to 7 feet or an increase of 8.5 to 9 
feet of the length of the last steps reflects a significant 
violation of the running rhythm. The difference 
between the last and penultimate steps should not 
exceed 0.75 feet in the direction of decreasing the 
latter in comparison with the previous [16]. 
In addition to the lack of kinematics in the 
final part of the run of young athletes, the 
inefficiency of reaching the optimal maximum speed 
for 14-15 year-old jumpers is explained by both the 
insufficient value of the speed realization coefficient 
in the take-off run (x = 0.87 ± 0.009) and the 
insufficient level of the ratio of the average run speed 
to the average control run speeds of 100 m (86.7%). 
For young jumpers aged 16-17, these calculated 
indicators are respectively equal (y = 0.891 ± 0.008) 
and 91.9%. I must say that, the norm of these values 
for the indicators of qualified athletes, jumpers in 
length, respectively, more than 0.9 cu and 87 - 93%. 
Therefore, the second indicator in older youths 
already reaches and corresponds to the norm of 
qualified jumpers, while the first indicator, the 
coefficient of realization of speed in the take-off run 
(Kr), does not reach this norm in both age groups. We 
believe that the reasons are hidden in the insufficient 
level of development of rhythmic-speed qualities and 
special endurance of young athletes. 
It should also be noted that insufficiently 
optimal biomechanical indicators in the run of young 
long jumpers entail irrational movements of athletes 
in the phases of repulsion and flight, which affects 
the excessive loss of horizontal speed, and hence the 
optimal initial departure speed. It must be said that in 
both age groups, to a greater or lesser extent, the 
movement of delay with extension of the jogging leg 
and, as a result, accelerated separation of the leg from 
incomplete repulsion is a mistake that prevents the 
athletes from flying out at a slightly increased angle 
and achieve optimum the proper height of the "take-
off" of the center of mass (CM) of jumpers From the 
perspective of analyzing the angular parameters of 
the repulsion phase, the most promising prospect for 
older youths is the more pronounced angles between 
the thighs of the legs at the moment the pushing foot 
was set to repulsion and the moment the repulsion is 
completed. The latter, perhaps, will open the prospect 
of a more efficient and rational organization of the 
movements of jumpers during the repulsion process. 
In addition, this will be facilitated by the advantage 
of the running efficiency of older youths from the 
position of power and the wider free amplitude of the 
running steps in the final part of the run. 
In general, the average group indicator of the 
technical and physical effectiveness of long jumps 
for boys aged 16-17 is higher than for boys 14-15 
years old and corresponds only to a satisfactory 
estimate (x = 0.645 ± 0.011 and y = 0.772 ± 0.018 
c.u.). A number of questions arise. What are the 
reasons for the manifestation in young jumpers in 
length of the younger and older age groups of 
insufficiently perfect technical actions and 
movements in the phases of take-off and repulsion? 
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What are the possible ways to improve the individual 
technical and physical fitness of these athletes at 
various age stages of long-term training? What are 
the main criteria for judging the rationality and 
effectiveness of the technical preparedness of young 
jumpers, as well as what are the prospects for 
simulating training for athletes of training groups of 
3-4 years of study and sports improvement groups? 
In order to carry out mathematical and statistical 
analysis for the degree of influence of the kinematic 
parameters of the individual technique of movements 
of young jumpers in length on a competitive sports 
result and to conduct a preliminary study of the initial 
data, a correlation matrix was constructed [1, 18]. To 
do this, based on the matrix of source data (factors + 
jump length) 
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dimension 24 x 13, where xij. is the value of the j-th 
indicator of the i-th observation, the matrix of 
centered normalized values of Z with elements was 
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where are the average values of the indicators 
(columns), as well as s1, ..., sk are the sample 
variances of the columns. 
The highest correlation coefficients act 
between the following explanatory factors: 
- between the angle of departure of the 
common center of mass of the body, and the 
maximum height of departure of the general center of 
mass of the body of the jumper in flight; 
- between the time the jumper is in the flight 
phase and the maximum departure height of the 
common center of mass of the jumper in flight; 
In order to avoid poor conditionality of the 
data matrix, the “maximum height of departure of the 
common center of mass of the body of the jumper in 
flight” is excluded from consideration in the future. 
As a model, we used the classical linear model of 
multiple regression without a free term. This is 
possible, since the construction of paired regressions 
of data columns on the resulting indicator (not shown 
in the article) showed dependencies close to linear. 
In matrix form, the mathematical model is written as: 
 
nprgX
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     (2) 
where: 
 X is the matrix of source data with the excluded 10th 
column; Y is the length of the jump; ε is the vector of 
errors (regression residuals); E is the identity matrix; 
upper symbol T matrix transpose operation; σ is the 
variance of the regression residues. The coefficient 
estimates vector is found as: 
 
YXXX TT = −1)(ˆ   (3) 
 
Table 3 shows the regression coefficients of the 
model (the “+” sign indicates significant). To assess 
the statistical reliability of the model, the coefficient 
of determination was used, which shows how much 
of the variability “Y” is explained by the variability 
“X”:  
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In this case, 689,0ˆ 2 =R , which indicates a 
satisfactory quality model. Assessment of the 
statistical significance of the coefficient of 
determination at the level of α = 0.05 showed 
significance. 
 
 31 
 
Health, sport, rehabilitation 
Здоров’я, спорт, реабілітація 
Здоровье, спорт, реабилитация 
 
 
5(3) 
Table 3 
Regression coefficients of the mathematical model in young jumpers in the length of 14-17 years 
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θi -4,24 0,015 -0,.32 0,007 0,04 -0,568 -0,039 2,908 0,584 0,71 0,45 
Sig. - - - - - + - - - + - 
However, an assessment of the statistical 
significance of the coefficients of the θi model at the 
same significance level showed that only two of the 
eleven coefficients can be considered nonzero 
(significant). These are the coefficients for the factors 
“angle of departure of the general center of mass of 
the body” and “path length of the general center of 
mass of the body during repulsion”. 
As a result of the conversion of the 
regression model to significant factors, the following 
dependence was obtained: 
Jump length = 0.213 * (angle of departure of 
the center of mass) + 2.751 * 
* (path length of the general center of mass 
of the body during repulsion) (5) 
An increase in the coefficient of 
determination to indicates an improvement in the 
quality of the model. Paired regressions for the 
variables selected above have the following form: 
Jump length = 1,747 + 0,259 * Departure angle of 
the center of mass     (6) 
Jump length = 0.233 + 6.349 * The length of the 
path of the general center of mass of the body 
during repulsion                                 (7) 
The results of the comparison of 
experimental (competitive) and calculated data are 
shown in table 4. 
 
Fig. 2. Dependence of the jump length (m) on the angle of departure of the general center of mass of the 
body, where Yj. is the length of the jump according to the protocol of the competition, ξtj is the calculated 
value of the length of the jump (m), Xp is the angle of departure of the general center of mass of the body 
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 32 
 
Health, sport, rehabilitation 
Здоров’я, спорт, реабілітація 
Здоровье, спорт, реабилитация 
 
 
5(3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Dependence of the jump length (m) on the path length of the horizontal movement of the common 
center of mass of the body during repulsion, where Uj is the length of the jump according to the protocol of 
the competition, ξtj is the calculated value of the length of the jump (m), Хр is the path length of the 
horizontal movement of the common center of mass of the body of the jumper when repelled. 
 
Table 4 
Correlation of sports results of young jumpers in length according to the protocol of competitions and 
calculated mathematical data (n = 24) 
№ 
True Jump Length 
(m) 
Estimated jump length 
(m) 
Absolute error (Δм) Relative error (%) 
1 6,97 7,04 -0,069 -0,99 
2 7.19 7,24 -0,048 -0,67 
3 5.98 5,60 0,38 6,35 
4 7.08 7,23 -0,151 -2,137 
5 6.79 6,94 -0,152 2,231 
6 6.27 5,84 0,433 -2,241 
7 6.75 6,34 0,406 6,02 
8 6.17 5,97 0,198 3,23 
9 5.94 5,84 0,086 1,618 
10 6.26 5,52 0,708 11,31 
11 7.19 7,45 -0,261 -3,635 
12 5.94 5,34 0,601 10,119 
13 5.00 5,68 -0,615 -12,308 
14 4.79 5,68 -0,894 -18,658 
15 6.12 5,94 0,177 2,886 
16 5.81 5,67 0,145 2,494 
17 4.84 5,30 -0,464 -9,584 
18 5.91 5,75 0,162 2,734 
19 5.76 5,31 0,45 7,81 
20 4.68 4,97 -0,29 -6,199 
21 5.93 6,21 -0,279 -4,713 
22 5.52 5,44 0,018 1,471 
23 6.12 6,38 -0,264 -4,306 
24 4.68 4,88 -0,197 -4,201 
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Discussion 
 
The results of the work that were achieved in 
these studies confirm our hypothesis that the 
achievement of sports results in long jumps by 
qualified athletes should come from reasonable 
individual improvement in the framework of sports 
adaptology of their technical and physical skills, 
starting already from early youthful training. In the 
framework of sports adaptalogy, the laws of planning 
physical activity of athletes using simulation 
modeling are revealed. According to him, the model 
should work according to biological laws, therefore, 
the principles of planning the training process follow 
from the laws of adaptation of changes in the 
structure of muscles and other organs [18, 19]. A 
comparative biomechanical analysis of the 
effectiveness of the long jump technique for young 
men aged 14-15 and 16-17 indicates satisfactory 
indicators of the coefficient of their technical and 
physical skill (see Table 1). 
Taking into account a number of questions 
that arose in the logical generalization of the 
comparative biomechanical analysis of the 
characteristics of the long jump technique for junior 
and senior youth at the Kharkiv region championship 
in the 2016-2017 season, it is assumed that the 
diagnosis and management of the technical and 
physical fitness of young jumpers on the one hand 
suffers from flaws, and on the other hand, not 
sufficiently rational and not sufficiently effective 
strategic decisions by trainers for phased and long-
term improvement of those PPI-physical skills of 
young athletes. 
Trainers and experts judge differently about 
the rationality and effectiveness of the technical 
preparedness of young long jumpers. Some place 
their hopes on increasing the initial speed of the 
jumper's departure, others on the strength component 
of the young athlete, third on the first two 
components combined, fourth on improving the 
qualitative assessment (from unsatisfactory to 
excellent) of the coefficient of technical and physical 
skill of young athletes, jumpers and others. The 
purpose of the study and justification of the most 
important criteria for assessing the individual 
technical and physical fitness of juniors and juniors 
in this work was mathematically proved in this work 
on a quantitative measure that we previously 
proposed for consideration, a criterion for the rational 
organization of the jumper's movements in the 
repulsion process. The feasibility of using the 
criterion of the rational organization of the 
movements of athletes-jumpers in the management 
of individual training of young athletes, we, at the 
stage of preliminary research, was studied and 
presented in reports of international and All-
Ukrainian conferences, and in some publications in 
2010, 2012. [6; 7]. 
The proposed criterion for the rational 
organization of the jumper’s movements is fully 
linked with studies on the dynamographic parameters 
of the repulsion phase, for which, according to his 
statement, the evaluation of the duration of the 
support interaction can serve as a criterion of 
technical skill [15]. As usual, practitioners take time 
parameters as the duration of the support interaction. 
In these studies, when solving the main statistical 
problem of the degree of influence of the kinematic 
indicators of the individual technique of movements 
of young jumpers in length on a sports result, a 
mathematical model was built. To assess the 
statistical reliability of the model, the coefficient of 
determination was used. The confirmed significance 
of two of the 11 coefficients for factors of the angle 
of departure of the center of mass and the length of 
the path of the center of mass when repelling jumpers 
gives reason to argue that the second factor in 
quantitative terms can determine the criteria for 
rational organization of movements of a jumper: with 
an optimal short repulsion time and a longer travel 
path the athlete’s center of mass increases the quality 
and repulsion efficiency. This, in our opinion, 
explains the victory with the world record of M. 
Powell (8.95 m) over 4-time Olympic champion C. 
Lewis (8.91 m), whose speed before repulsion was 
higher than that of the winner . Therefore, we 
propose to consider the process of repulsion duration 
for horizontal jumps relative to not one, but two of 
the above indicators. Based on our preliminary 
studies, we additionally suggest that the rational and 
effective technical preparedness of young jumpers is 
judged by the diagnostic results of at least two 
criteria - the optimal maximum speed of the jumper 
before repulsion and the rational organization of the 
athlete’s movements in the repulsion process. 
The prospects of training simulations for 
young athletes-long jumpers of 3-4 years of training 
and groups of sports improvement were also 
previously studied by us during our work [19]. The 
development of the technology for calculating 
biomechanical models of sports movements was 
carried out using the results of preliminary 
measurements and video analysis of the training and 
competitive activities of athletes. Based on the data 
obtained, design schemes and physical-mathematical 
models of sports actions were compiled. The 
implementation of physical and mathematical 
models and the construction of graphic 
characteristics was carried out on the basis of the 
KIDIM software package (kinematics, machine 
dynamics). The complex is intended for calculations 
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for the analysis of statics, kinematics and dynamics 
of material points, bodies of mechanical and 
biomechanical systems. The fundamental difference 
between this software complex and most others used 
to perform kinematic calculations in practice is the 
presence of an integrated specialized computer 
algebra system. This greatly facilitates the work of 
the researcher, increases the reliability of the results. 
The initial data are recorded in an analytical form 
using illustrative figures and are a description of the 
mechanical and biomechanical models of the 
calculated process. The creation of technology for 
calculating biomechanical models of sports 
movements was carried out using the results of 
preliminary measurements and video analysis of the 
training and competitive activity of athletes. 
 
Conclusion 
 
1. Based on the generalization of the results 
of studies on the diagnosis of technical readiness of 
young jumpers in the age of 14-15 and 16-17 years 
old, questions arose, the solutions of which made it 
possible to organize further research in the right 
direction - in the direction of searching and solving 
the reasons for the manifestation of young jumpers in 
length perfect technical actions and movements; 
vector improvement of individual technical and 
physical fitness of these athletes; substantiation of 
the main criteria for the rationality and effectiveness 
of the technical preparedness of young jumpers, as 
well as the search for biomechanical modeling as a 
means of effectively managing the individual 
preparation of young jumpers in the length of the 
training groups of 3-4 years of study and sports 
improvement groups. 
2. A comparative biomechanical analysis of 
the features of the competitive activity of young 
junior and older jumpers in the Kharkiv region in the 
2016-2017 training year made it possible to identify 
the main strategic areas, the solution of which will, 
in our opinion, optimize the effectiveness of their 
technical and physical training. A statistical 
assessment of the diagnostic parameters of the 11 
most important anthropometric, kinematic, and 
protocol results of the competitive activity of young 
jumpers aged 14-17 with an assessment of their 
accuracy was carried out. Mathematical and 
statistical analysis of the degree of influence of 
kinematic indicators in young athletes-long jumpers 
showed high correlation coefficients between: a) the 
angle of departure and the maximum height of the 
center of mass of the jumper (R6.10 = 0.913); b) the 
time spent by the young jumper in the flight phase 
and the maximum height of departure of his CM in 
flight (R7.10 = 0.872). 
3. The mathematical justification for 
assessing the statistical reliability of the model with 
11 indicators of individual competitive activity of 
young jumpers in length was carried out by 
calculating the determination coefficients (R2). In 
this case, R2 = 0.689 indicates a satisfactory quality 
of the model (estimation of the statistical significance 
of the coefficient of determination at the level of α = 
0.05). The analysis of the digital material of the 
competitive activity of young jumpers proved the 
real possibility of using our previously studied and 
named as a criterion for the rational organization of 
the movements of the jumper. A quantitative measure 
of the efficiency coefficient of a technique is 
determined by the length of the path of movement of 
the athlete’s common center of mass during 
repulsion. 
4. An increase in the coefficient of 
determination to R2 = 0.751 indicates an 
improvement in the qualitative model. The most 
significant indicators were the angle of departure and 
the path length of the horizontal displacement of the 
common center of mass during repulsion. The latter 
indicates the fact that such a displacement of the 
common center of mass can be a quantitative 
criterion in assessing the rational organization of the 
jumper's movements during the repulsion phase. 
Variable models are highlighted that have the 
greatest impact on sports results. Regression analysis 
of the model allows using the individual 
characteristics of young jumpers aged 14-17 to 
improve the effectiveness of their competitive 
activity using the regression equation: jump length = 
0.213 * (CM departure angle) + 2.751 * (travel 
distance of the common center of mass during 
repulsion). Paired regressions for the variables 
selected above have the following form: jump length 
= 1.777 + 0.259 * CM departure angle; jump length 
= 0.233 + 6.349 * the length of the path of movement 
of the common center of mass during repulsion. 
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